ings seem to be associated with the severity of disease, definite correlation has not yet been reported. This study presents some specific RBC shapes whose changes in relative quantity are associated with a certain status of the patients. A scanning electron microscope (SEM) was used for the assessment of morphologic details and the avoidance of undesirable artefacts that may arise during the process of blood smear preparation for light microscopy. 9 
Materials and Methods

Patients
The study included 79 patients with /3-thal/HbE disease. Criteria for the diagnosis of the disease were described previously." The patients had not received blood transfusions for at least two months prior to the time of study.
Methods
Venous blood was collected in EDTA. Blood examination was performed according to the standard method. 3 Hemoglobin level, packed cell volume, RBC count, and blood indices were determined in a Coulter Electronic Cell Counter®. Hemoglobin typing was performed on starch gel electrophoresis in TRIS-EDTA borate buffer, pH 8.6. 8 Hemoglobin type quantitation was determined by cellulose acetate electrophoresis. 10 Specimens for SEM were prepared according to the methods of Clark and Salbury. 2 The specimens were examined in either a Hitachi® MSM-4 or a Hitachi S-430 scanning electron microscope. Nomenclature and identification of some of the prototypes of RBC shape are shown in Figure 1 and Table 1 following Bessis's description. 1 A population of 500 randomly selected RBCs was examined for each subject, and types of RBC shapes were presented as percentages.
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FIG. 1. (left, top to bottom). SEM micrographs of erythrocytes in different shapes: A (upper). Discocyte. B (upper, center). Torocyte. C (lower, center). Codocyte. D (lower). Dacryocyte. (center, top to bottom). E (upper). Keratocyte. F (upper, center). Schizocyte. G (lower, center). Echinocyte. H (lower).
An erythrocyte with a large hole (Magnification: A, C, D, and E. XI 1,000; B, F, G, and H, X9,500).
FlG. 2 (right, upper).
A population of erythrocytes in a nonsplenectomized patient with /S-thal/HbE with splenomegaly of 6 cm below the left costal margin. Dacryocytes, keratocytes, and schizocytes are seen (X2.600).
FlG. 3 (right, lower) . A population of erythrocytes obtained from a splenectomized patient with 0-thal/HbE. Note the high proportions of torocytes and codocytes. Few echinocytes are seen (X2,600). Figure 2 shows the typical SEM appearance of a peripheral blood smear from a patient with /3-thal/HbE disease. There is usually an increase of many abnormally shaped RBCs, i.e., torocytes, codocytes, dacryocytes, keratocytes, schizocytes, and microspherocytes, with a marked reduction of the normocytes (discocytes). There was a slight increase in the number of acanthocytes, but the number of stomatocytes and knizocytes did not appear to increase. In nonsplenectomized patients, the number of echinocytes may be decreased somewhat. A few RBCs with a vacuoles (Fig. \H) , not normally observed, were found frequently in thalassemic blood. The RBC shape changes, as related to degrees of anemia and splenic status, were analysed quantitatively with the following results. Table 2 summarizes the findings between Group 1 with higher hemoglobin levels and Group 2 with lower hemoglobin levels. In the more anemic, nonsplenectomized patients there was an increase in the proportions of torocytes, dacryocytes, keratocytes, and schizocytes. Although the increases were not statistically significant, they collectively amounted to a significant reduction of the normal red blood cell (discocyte). In the more anemic splenectomized patients there was a singular increase in the proportion of torocytes at the expense of discocytes. Table 3 summarizes the differences found between nonsplenectomized and splenectomized patients. Splenectomized patients had increased numbers of torocytes, codocytes, and echinocytes, but decreased numbers of discocytes, dacryocytes, keratocytes, and schizocytes. Figure 3 shows a typical SEM picture of the peripheral blood of a splenectomized thalassemic patient. When compared to Figure 2 , the presence of thin red cells (torocytes) is very noticeable.
Results
Severity of Anemia
Intact Spleen versus Splenectomy
Degree of Splenomegaly
The nonsplenectomized patients were divided into groups with smaller spleens (<3 cm below the left costal margin) and with larger spleens (>3 cm). The findings Comparison between normal patients and group 1 patients showed P < 0.005 in all RBC prototypes.
• N.S. = not significant.
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are summarized in Table 4 . The group with larger spleens showed a significant increase in the proportions of dacryocytes, keratocytes, and schizocytes and a corresponding decrease in the number of discocytes and torocytes. The proportion of echinocytes did not seem to differ between the two groups. 
Discussion
Although the many RBC shape changes and related variable parameters seem complex, the composite diagram in Figure 4 shows rather clear patterns. The proportions of discocytes were decreased in every category of items, indicating that /3-thalassemia/HbE disease, in general and when related to splenectomy, larger splenic size, and increasing anemia in both splenectomized and nonsplenectomized patients all were associated with an increase in the abnormally shaped RBCs. This was reflected in the decreased number of the discocytes. The number of thin RBC, or torocytes, was definitely associated with splenic status. Although splenectomy was associated with an increased number of torocytes, the patients with larger spleens had fewer torocytes than the patients with smaller spleens. Increasing anemia was associated more strikingly with an increased number of torocytes in splenectomized than in nonsplenectomized patients. This indicates that the presence of torocytes in thalassemic patients is related 
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559 to the degree of anemia, but the spleen removes some of these thin RBCs; the bigger the spleens, the fewer the circulating torocytes, and with splenectomy, the number of torocytes are increased dramatically.
The relationship between the number of torocytes and severity of anemia is to be expected because RBC pathology in thalassemia is caused mainly by unbalanced globin chain synthesis. The more imbalance there is, the more hypochromia, thinning of the RBCs, and anemia will result. Splenic destruction of torocytes, as suggested by this study, has never been reported before. However, hypochromic RBCs have been shown to have shortened survival times, and upon transfusion into a splenectomized subject, they were shown to survive longer, suggesting that they are destroyed by the spleen. 6 Splenic destruction of thin thalassemic RBCs is an additional mechanism of RBC destruction in thalassemia.
The number of codocytes, found in increased numbers in thalassemia, was increased further in splenectomized patients alone. An increasing anemia and greater degree of splenomegaly did not appear to affect the numbers of this type of cells. Some of the codocytes appear as target cells under light microscopy. Splenectomy, even in normal persons, is known to be followed by the appearance of target cells. Dacryocytes, keratocytes, and schizocytes appeared in cohort. Each type, generally present in thalassemia, was increased further in the patients with larger spleens, and was reduced dramatically in splenectomized patients. While increasing anemia did not seem to affect the numbers of these cells in splenectomized patients, the nonsplenectomized anemic patients showed a slight increase in the numbers of these cells. Dacryocytes, keratocytes, and schizocytes result from fragmentation of the RBCs. The thalassemic RBCs are associated with decreased deformability because of precipitation and aggregation of the excessive a-globin chains. This makes it difficult for the thalassemic RBCs to pass through the narrow spaces in the splenic cords, and this leads to their fragmentation. 12 Our findings showed this effect of the spleen; larger spleens resulted in greater numbers of dacryocytes, keratocytes, and schizocytes. Without the spleen, there was a dramatic decrease in the numbers of these cells.
The levels of echinocytes, or crenated RBCs, were found to be significantly lower in thalassemic patients with intact spleens than in normal persons. The number of this cell type was singularly related to splenectomy. Degrees of anemia or of splenomegaly did not appear to affect the number of echinocytes. In splenectomized patients, the number of this cell type was increased dramatically. The question arises as to whether splenectomy is followed by increased production or decreased destruction of the echinocytes. This is very difficult to explain. If splenectomy were associated with increased echinocyte production, why should this cell type be decreased in thalassemic patients with an intact spleen? And how does splenectomy lead to formation of echinocytes? Most likely, echinocytes already preexist in increased numbers in thalassemia, possibly because of RBC membrane defects. However, the enlarged spleen so actively destroys these abnormal RBCs that their number in nonsplenectomized patients is lower than normal. Increasing anemia and increasing splenomegaly do not affect the number of echinocytes because the spleen already is overactive in destroying the cells. Loss of splenic destruction after splenectomy allows echinocytes to appear in the blood. The echinocytes with their round shape, numerous spicules, and decreased membrane deformability 5 should, by all likelihood, be trapped in the spleen and destroyed.
We conclude that there are specific patterns of quantitative changes of RBC shapes in thalassemia, which are mostly related to splenic status and degrees of anemia.
